Background: To investigate associations of kidney cancer mortality with modifiable risk factors of obesity, physical activity, and smoking. Methods: We evaluate baseline data from US National Health Information Survey from 1998 through 2004 linked to mortality data reporting deaths through 2006. The primary outcome variable was kidney cancer-specific mortality and primary exposure variables were self-reported physical activity and body mass index (BMI). We utilized multivariable adjusted Cox proportional hazards regression models, with delayed entry to account for age at survey interview. Results: Among 222,163 individuals with complete follow-up data we identified 71 kidney cancer-specific deaths. In multivariate analyses, individuals who reported "any physical activity" were 50% less likely [adjusted hazard ratio (adjusted HR) 0.50, 95% CI 0.27-0.93, p = 0.028] to die of kidney cancer than non-exercisers, while obese individuals (BMI ≥ 30 kg/m 2 ) were nearly 3 times more likely (adjusted HR 2.84, 95% CI 1.30-6.23, p = 0.009) compared to those of normal weight (BMI < 25 kg/m 2 ). Compared to never smokers, former smokers were twice as likely to die of kidney cancer (adjusted HR 2.00, 95% CI 1.05-3.80, p = 0.034). Conclusion: Physical activity decreases and obesity increases the risk of kidney cancer mortality.
Introduction
Although kidney cancer is an important public health problem, it remains an understudied target for cancer prevention and control. In the USA, it is the fifth most common cancer in men and the seventh most common cancer in women, with an estimated 63,990 new cases diagnosed annually [1] . Kidney cancer is estimated to have a worldwide incidence of 270,000 cases yearly and nearly 116,000 deaths [2] . Despite improvements in detection and treatment, renal cell carcinoma (RCC) remains a potentially lethal cancer, with a 5-year disease-specific mortality of 26% [3] . According to the American Cancer Society, the kidney cancer survival ranges from 81 (Stage I) to 8% (Stage IV), whereas the majority of kidney cancer diagnosed is Stage I [4] .
Yet translational clinical trials of kidney cancer prevention have as yet not been undertaken. A potential means of decreasing incidence, morbidity and mortality of kidney cancer is through modulation of modifiable lifestyle factors of disease, notably adiposity, physical activity, and tobacco use [5] . Obesity is a prominent risk factor for incident and prevalent RCC. Lowrance et al. [6] found that for every 1 kg/m 2 increase in body mass index (BMI) there was a 4% increase in the odds of having conventional clear-cell RCC histology. However, one manuscript investigating American Association of Retired Persons (AARP) Diet and Health Study cohort noted that increasing exercise was associated with increased risk of kidney cancer-specific mortality [7] . While there are ample observational data describing associations of these modifiable factors with incident and prevalent disease, there remains a paucity of information on the effects of these factors on kidney cancer survival. Herein we investigated associations of kidney cancer mortality with adiposity, exercise, and smoking in a large cohort of USA adults utilizing the National Health Information Survey (NHIS) survey data.
Materials and Methods

Study Population
The NHIS is an annual representative cross-sectional household interview survey performed in the USA. The surveys are collected through personal household interviews conveyed by the USA Census Bureau. The NHIS is a survey of the civilian non-institutionalized population in all 50 states and the District of Columbia. Surveys are administered throughout the year and compiled into annual data sets. This paper uses data from the adult (18+ years of age) population. Response rates for the adult survey in this time period averaged 73.8% (range 69.2-80.4%). Data are collected in an in-person interview. Data for all family members are collected for the Family Core questionnaire; data for children and family members not present for the interview are collected from a knowledgeable adult family member. One adult is randomly selected for the Sample Adult survey; all data are from self-report. Data from the Sample Adult surveys were used for this study. On average 42,000 households including 100,000 people per year. We used baseline data from 1998 through 2004 linked to mortality data reporting deaths through 2006. The data was collected through stratified sampling schemes that oversampled for ethnic subgroups.
Exposure and Outcome Variables
The primary outcome variable was kidney cancer-specific mortality. Mortality was assessed using data from the NHIS linked mortality public-use files. Kidney cancer deaths were grouped as "Malignant neoplasms of kidney and renal pelvis (ICD-10 categories C64-C65)"
The primary exposure variables were self-reported physical activity ("no exercise" versus "light, moderate or vigorous exercise in ≥ 10 minute-bouts"), obesity as measured by BMI in kg/ m 2 , and smoking (never, former, and current). During the survey respondents were asked: "How often do you do vigorous activities for at least 10 minutes that cause heavy sweating or large increases in breathing or heart rate?"; response categories included "never", "unable to do this activity", or a specification of the number of times within a reported time unit (days, weeks, months or years). Those who performed such activities were then asked "How long do you do these vigorous activities each time?" and could specify a continuous number in minutes or hours. Respondents were 
Statistical Analysis
We utilized multivariable adjusted Cox proportional hazards regression models, with delayed entry to account for age at survey interview. Cox models were adjusted for race/ethnicity (non-Hispanic white versus all others), sex, BMI [overweight or obese versus normal weight; underweight (BMI < 18.5 kg/m 2 ) individuals were removed from the analysis], current or ever use of cigarettes, and diagnosis of kidney cancer or any other cancer at time of survey. Thus, our models present the effect of exercise on kidney cancer mortality adjusting for previously identified risk factors of obesity (BMI) and smoking. Epidemiological data from the prostate, lung, colorectal, and ovarian cancer screening trial suggest that age, male gender, obesity, smoking, and hypertension were main risk factors for kidney cancer [5] . This formed the bases of our analysis in order to focus on modifiable risk factors. Analyses were adjusted for the complex NHIS multistage sampling methodology using survey weights.
Results
Among 222,163 individuals with complete follow-up data, of whom 96,715 (48%) were men and 146,014 (73%) non-Hispanic whites, we identified 71 kidney cancer-specific deaths. The mean age is 45.1 years (95% CI = 44.9-45.3) with a mean BMI of 26.7 kg/m 2 (95% CI = 26.7-26.8). Those who died from kidney cancer were more likely to be men (p = 0.01); ethnicity was not associated with kidney cancer death (p = 0.86). There were no associations of ethnicity or gender with kidney cancer mortality (table 1). Table 2 describes the amount of exercise and reported via survey and the number subjects who died from kidney cancer. Individuals who reported "any physical activity" were 53% less likely to die of kidney cancer than non-exercisers in multivariable analysis ( fig. 1 ). Compared to those of normal weight (BMI < 25 kg/m 2 ), obese individuals (BMI ≥ 30 kg/m 2 ) were nearly 3 times more likely to die of kidney cancer. Overweight individuals were nearly twice as likely to die of kidney cancer, but this association did not attain significance (p = 0.11). Compared to never smokers, former smokers were twice as likely to die of kidney cancer. There were no significant associations of current smoking with kidney cancer death ( fig. 1 ).
Discussion
We observed that obesity increases and physical activity decreases the risk of death from kidney cancer. These statements; however, are in direct conflict with recent reports stating the opposite. One highly popularized article noted a protective effect of obesity in kidney cancer [8] . The data were collected from 1,975 patients from 19 centers in the International Metastatic Renal Cell Carcinoma Database Consortium and validated in a separate cohort of over 4,000 patients enrolling in metastatic kidney can- Liss/Natarajan/Hasan/Noguchi/ White/ Parsons cer clinical trials. The authors concluded that the "obesity paradox" lead to significant improvement in survival and attributed the benefit to the reduction in fatty acid synthase gene expression in obese patients. Another theory is that the inverse relationship between obesity and mortality is due to a less aggressive disease subtype [9] . Additionally, obesity in metastatic kidney cancer patients may provide an advantage if weight loss is a factor for morality and was not examined in this study.
Three of 4 previous prospective investigations regarding the incidence of renal cancer and obesity noted a healthy weight to have a protective effect [10] [11] [12] [13] . The 1 null study was from George et al. [10] utilizing the National Institutes of Health-AARP Diet and Health Study noting that "sitting time" was not associated with an increase in kidney cancer. However, there is a possibility that exercise and accompanying weight loss may potentially prevent kidney cancer death.
We noted that exercise individuals who reported "any physical activity" were 53% less likely to die of kidney cancer than non-exercisers in the multi-variable analysis. The rising number of RCC cases is believed to be a result of improved imaging techniques and increased incidental tumor discovery [14] . Moreover, RCC can also be attributed to the increased prevalence of associated risk factors such as obesity and hypertension [5] . Therefore, lifestyle interventions can be an inexpensive, preventative and adjunctive program tailored to the individual patient and may affect outcomes. The majority of studies investigating physical activity and renal cancer outcomes noted a benefit to exercise in either incidence or mortality of renal cancer. We identified a total of 10 articles relevant to physical activity and the effect on RCC. Four studies were longitudinal studies investigating the association of physical activity and incident kidney cancer [7, [10] [11] [12] [13] 15] . Overall, there is not an obvious trend with exercise and indecent renal cancer. Only 2 studies concluded a protective effect, one of which only showed the protective effect in women [12, 13] . Three studies reported a relative risk ranging from 0.66 to 0.87 comparing the highest level of exercise to low, leisure, or regular daily activity [11, 12] . Any activity level seemed to have a small protective effect in all studies. Only 1 study obtained a hazard ratio (HR) describing a sitting time more than 9 hours compared to less than 3 hours was associated with an increase in incident renal cancer (OR 1.11) [10] . Washio et al. [15] examined the occupations of 46 kidney cancer deaths noting reduced HR when their work was associated with more standing and moving in a Japan Collaborative Cohort Study for Evaluation of Cancer Risk. However, Arem et al. [7] noted that increasing exercise was associated with increased risk of kidney cancer-specific mortality in the AARP Diet and Health Study cohort. Our findings align with JACC study rather than the AARP.
Case control studies examining the association of kidney cancer and physical activity utilized various descriptions of physical activity, such as a level of activity (low, medium, high), activities per week, or quartiles [16] [17] [18] [19] [20] . Most studies show a protective effect of exercise reducing kidney cancer prevalence in general. One study noted a protective effect only in men, likely due to the higher incidence in this population [20] . Only 1 study investigated renal cancer-specific mortality noting exercise correlating with a reduced mortality rate [15] . This study was a small study carried out in Japan. Our manuscript will be the largest study to date investigating physical activity and RCC-specific mortality.
The World Cancer Research Fund estimates that one-quarter to one-third of new cancer cases in the US in 2015 will be related to increased adiposity or obesity, physical inactivity, and poor nutrition [21] . Preventive behavioral interventions, including improved diet and increased activity, may attenuate social and economic burden of some cancers [22] . Addressing weight management in RCC survivors is important given the potential link between increased adiposity and recurrence [23] .
Additionally, since most of these patients undergo surgical removal of all or part of the affected kidney, the presence of weight-related comorbidities such as obesity, diabetes, and hypertension can accelerate the process of renal decline and renal failure. Obesity is a risk factor for chronic kidney disease (CKD), progression of CKD, and end-stage renal disease [24] . Controlling for other factors, obese patients tend to have higher risk of CKD even after partial nephrectomy [25] . A meta-analysis of the benefits of intentional weight loss in patients with CKD and glomerular hyperfiltration showed that nonsurgical weight loss reduced proteinuria and blood pressure [26] . Exercise also benefits those who are already on the spectrum of CKD [27] .
For the majority of Americans who do not smoke, the most important behaviors to reduce cancer risk are to maintain a healthy weight, be physically active on a regular basis, and eat a mostly plant-based diet, consisting of a variety of vegetables and fruit, whole grains, and limited amounts of red and processed meat [28] . While epidemiologic studies strongly support the protective association of these lifestyle factors on cancer prevention, studies specific to RCC are less common. If successful, Curr Urol 2016; 10:193-198 Physical Activity Decreases Kidney Cancer Mortality 197 we may identify a potential means of decreasing the morbidity and mortality of RCC through accomplishing behavior change aimed at modifiable risk factors of disease. If successful, the strategy outlined in this proposal represents a relatively low-cost intervention that could beneficially impact adherence to lifestyle goals and potentially reduce morbidity and mortality from RCC.
Limitations of the study largely stem from bias of survey data. Surveys only provide data for that time point and there can be variation in answers depending on question format, which did have different versions over the years. Personal in-home surveyors conducted the survey at the time of the US Census, which provides complete data and accurate collection and limits selection bias. Our study also lacks the specific grade and stage of kidney cancer. We are unable to investigate specific comorbidities that may have a confounding effect on obesity and exercise. Only cause of death data was available for linkage, which is subject to documentation error or multiple causes. The cause of death specifically from kidney cancer may have less contributing comorbidities and likely strengthens the associations we identified. Moreover, due to small numbers there may be interactions between smoking, obesity, and exercise that we are unable to identify or analyze separately.
In conclusion, despite limitations of survey data we present the largest study to date investigating physical activity and RCC-specific mortality. We show there may be benefits to exercise program in preventing kidney cancer mortality. Further studies will need to provide the more specific recommendations regarding the type of exercise and length of time performed. We also do not address physical activity for the specific purpose of maintaining a healthy weight, which may be important. We propose utilizing exercise programs not only to prevent cancer, but may be proposed as an adjunctive therapy for patients on active surveillance for their small renal mass. Further study is warranted on this important public health topic.
